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In most of the work on the properties of protein solutions it has been 
assumed that only the hydrogen and hydroxyl ions react with proteins 
to  form  complex ions  and  that  salts  are  chemically  inert.  Loeb's 
experiments ~  on the effect of salts on the Donnan equilibrium show that 
in dilute protein and salt solutions any reaction between the salt ions 
and  the  protein  is  negligible  compared  with  the  reaction  between 
protein  and  hydrogen  and  hydroxyl  ions.  There  are  indications, 
however, that  other ions may combine with the protein since it has 
been  found  by  lViellanby,  Hardy,  Pauli,  Robertson,  and  others  * 
that  proteins  affect  the  conductivity  of  salt  solutions,  and  hence 
that  there  is presumably a  compound  formed between the  salt  and 
the protein.  The marked effect of salts on the precipitation and solu- 
bility of proteins  (Michaelis)  also indicates that some reaction occurs 
with  salts  as  well  as  with  acids  and  bases.  Kunitz  8 noted  slight 
discrepancies  in  concentrated  salt  solutions.  If  this  is  actually  the 
case, it would have a marked influence on the distribution of the ions 
of  the  salt  when  added  to  a  system  containing  diffusible  and  non- 
diffusible  ions  separated  by  a  membrane.  It  has  been  shown  by 
Gibbs, and independently and in detail by Donnan,  that  at  equilib- 
rium the product of  the  activity of  any  pair of  oppositely charged 
diffusible ions on one side of the membrane must be equal to the prod- 
1  Loeb, 7., Proteins  and the theory of colloidal behavior, New York and Lon- 
don, 1922. 
For the literature on this subject see Robertson, T. B., The physical chemistry 
of the proteins, New York, London, Bombay, Calcutta,  and Madras, 1918. 
It has been found by Hastings in Van Slyke's laboratory  that Ca protein salts 
are only partly dissociated, personal communication from Dr. Hastings. 
a Kunitz, M., J. Gen. Physiol., 1923-24, vi, 547. 
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uct of the activity of the same pair on the opposite side of the mem- 
brane.  Expressed as an equation,  this may be written 
(Ao-")~  (B, + ,~)-~ 
.  .  . 
-  n  1  (Bo + 
in which A ~  is the activity of an n-valent negative ion inside the mem- 
brane,  A  o  the  activity of  the  same ion  outside the  membrane,  and 
B  is any positive ion.  In dilute solution, the concentrations may be 
used  instead  of  activities.  It  was  shown  by  Procter  and  Wilson  4 
that this equation held for the distribution of ions inside and outside 
of gelatin blocks in equilibrium with a solution of acid.  Loeb  1 found 
that  the  hydrogen  electrode  potential  between  the  inside  and  the 
outside solution was equal to  the calomel  electrode potential  under 
the same conditions,  and  that  therefore the ratio  of the activities of 
the hydrogen ion must be equal to the reciprocal of the chlorine ion 
ratio, as is demanded by the theory.  If the ions of a salt do not com- 
bine  with  the  protein,  the  ratio  of  the  total  concentration  of  any 
cation as determined by analysis should be approximately the same as 
the ratio  of the  hydrogen ion activities corrected,  of course, for the 
valence  effect; whereas  the ratio  of the  anion  concentrations  should 
be equal to the reciprocal of the hydrogen ion ratio.  Loeb has shown 
that  this is true  for the  chloride  ion.  For  other  ions,  however, this 
relation  has  not  been investigated  in  detail.  In  order  to  test  this 
point a number of experiments were performed in which various salts 
were added to suspensions of gelatin particles and the suspension al- 
lowed  to  come to  equilibrium  at 0 °.  The  solutions  were  then  ana- 
lyzed and  the concentration  ratios  compared with  the  hydrogen ion 
activity ratios as determined with the hydrogen electrode.  The results 
of some of these  experiments  are  shown  in  Table I.  It  is  evident 
that although, on the acid side at least, the concentration of the nega- 
tive ions is approximately that expected, the ratios of the positive ion 
concentrations are very far from correct and may even be in the wrong 
direction.  This  effect is more marked with Ca and Zn than with K. 
If the  concentrations  are  corrected  to activities by  means  of  Lewis 
* Procter, H. R., and Wilson, J. A., J. Chem. Sot., 1916, cix, 307. JOHN  H.  NORTHROP  AND  M.  KUNITZ 
TABLE  I. 
Distribution Experiment. 
Comparison  of Total Concentration Ratios witk H + Activity Ratios. 
27 
Experi-  Salt. 
ment. 
3/7  CaBr2 
HBr 
3/14  KBr 
HBr 
KBr 
HBr 
KBr 
HBr 
3/19  Ca(OH)2 
CaBr2 
Ca(OH)~ 
CaBr~ 
Ca(OH)~ 
CaBr2 
CaBr2 
HBr 
CaBr2 
HBr 
CaBr~ 
HBr 
CaBr~ 
HBr 
CaBr2 
HBr 
3/27  MgSO4 
HBr 
H ratio: 
Concen-  pH of 
tration,  gelatin.  Filtrate  Ion. 
Gelatin" 
[  .  Filtrate  Ion ratio: ~. 
Calculated 
Observed.  from 
H ratio. 
M 
0.005  2.83  Ca  1.84  8.4 
0.02  2.9  Br  0.446  0.344 
0.004  3.75  3.63  K  3.55  3.63 
0.01  Br  0.26  0.275 
0.01  3.79  2.63  K  1.90  2.63 
0.01  Br  0.352  0.38 
0.02  3.81  1.66  K  1.34  1.66 
0.01  Br  0.475  0.60 
0.00057  4.91  Ca  0.55  <1 
0.004  Br  0.68  >1 
0.0027  5.84  Ca  0.32  <1 
0.004  Br  0.91  >1 
0.0057  9.48  Ca  0.21 
0.004  Br  1.09 
0.004  4.79  0.76  Ca  0.75  0.58 
0  Br  0.59  1.32 
0.004  4.31  1.90  Ca  2.57  3.6 
0.005  Br  0.41  0.52 
0.004  2.42  2.3  Ca  2.35  5.3 
0.03  Br  0.465  0.43 
0.004  1.95  1.6  Ca  2.15  2.56 
0.04  Br  0.50  0.62 
0.004  1.70  1.4  Ca  1.93  1.96 
0.05  Br  0.56  0.71 
0.01  4.07  1.50  SO4  0.51  0.45 
0.006  Br  0.69  0.66 
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and Randall's  ionic  strength  data, ~ the  positive  ion  ratios  become 
a  little  better  but  the  negative  ion  ratios are  worse.  Evidently, 
either the  Donnan  equation  does not hold  under  these  conditions  or 
a  very appreciable  amount  of ions is combined with  the protein.  It 
will be noted  that  at  pH  2.0  or  lower,  the  calcium  ratios  become 
approximately correct.  If the calcium combined with the same group 
as does the hydrogen, this would be the  expected result since an excess 
of  hydrogen  ions  would  displace  the  calcium from its  combination 
with  the  protein. 
If these discrepancies are due to the combination of one of the ions 
of  the  salt with  the protein  then if the  relative activities  of the  ions 
are  determined by  means of E.~r.~'. measurements, the correct values 
for the  ratios should  be obtained.  Owing to the difficulty of obtain- 
ing satisfactory electrodes with  alkaline  earth  or  alkali  metal  elec- 
trodes,  this  experiment  was  performed with ZnCI~. 
Experimental.--40 gin. of dry powdered isoelectric gelatin were suspended in 
500 cc. of solution containing the noted amounts of HC1 and ZnC12, and stirred at 
0  ° for 2 hours.  Control experiments showed that this was sufficient time for equi- 
librium.  The solution was then filtered and the filtrate analyzed for Zn and C1. 
The volume of solution was noted and the concentrations of Zn and C1 in  the 
gelatin were obtained by difference.  The swollen gelatin was melted and the Zn, 
chloride,  and hydrogen  ion  electrode potentials determined  in  the  filtrate and 
melted gelatin at 25  °, using a saturated KC1 calomel electrode as a reference with 
a saturated KC1 bridge and the usual potentiometric method.  The Zn electrodes 
were prepared by amalgamating zinc  rods.  They gave satisfactory  and repro- 
ducible results in aqueous  solutions provided the  solution was  more acid than 
about pH 3.0.  In the presence of gelatin the readings were constant without the 
addition of acid, but in acid solution the readings were low and increased slowly 
with time.  This  accounts for the discrepancy in  the Zn potential in  the  acid 
solution.  The chloride electrodes were prepared as described by MacInnes and 
Parker. ~  The electrode in the gelatin solution was negative to the electrode in 
the filtrate, in each case. 
The activity of the  ions in  the  solution,  assuming no  combination 
with the gelatin, was obtained from the total concentration by means 
of the table of Lewis and  Randall, 5 connecting the ionic strength with 
bLewis, G. N., and Randall,  M., Thermodynamics, New York and  London, 
1923, 382. 
8 Maclnnes, I). A., and Parker, K., J. Am. Chem. Soc., 1915, xxxvii, 1445. JOHN H. I~ORTI-IROP AND M. KUNITZ  29 
the activity coefficient of the individual ions.  It  was assumed that 
the gelatin had no effect on the ionic strength but that the complex 
gelatin-hydrogen ion affected it in the  same way as uncombined hy- 
drogen ion.  That is, the total  HC1  concentration was used  to  cal- 
culate the ionic strength and  not  simply the  C1  concentration.  It 
might be expected a  priori  that the protein would greatly affect the 
ionic strength of  the solution, especially if, as seems  probable,  it  is 
a polyvalent ion.  It has been found, however, that the data are much 
more consistent if the assumptions  mentioned above were used, i.e. 
that the pure protein has no effect and that the added HC1 or other 
electrolyte affects the ionic strength in the same way as it would in 
the absence of gelatin.  This amounts to assuming that the complex 
protein-hydrogen  ion  is  monovalent. 
The results of the experiment are given in Table II.  The various 
electrode potentials agree within 1 inv., except in the most acid solu- 
tion.  In this case, as was stated above, the Zn electrode potential in 
the presence of gelatin is not constant.  The ratios of the total con- 
centrations of  chloride ion  are also  quite  close  to  the  ion  activity 
ratios,  but  the ratios of the total hydrogen ion and the total Zn ion 
concentrations  are much too  small;  i.e.,  the  activities  of  the  zinc 
and  hydrogen ions  in  the  gelatin  are  much  smaller  than  would 
be expected from their total concentrations.  The experiment shows 
directly,  therefore,  that  the  gelatin  decreases  the  activity  of  the 
hydrogen and Zn ions  but  has  little  effect on  that  of the  chloride 
ion.  In the strongly acid solution there is no effect on the zinc ion 
when the correction for the ionic strength of the solution is  made. 
These two facts render it very unlikely that the effect of the gelatin 
is upon the activity coefficient of the ions, since it would be expected 
that this would be apparent in all cases, but show that it is rather upon 
the  concentration of the ions.  That  is,  the  hydrogen ion  and  the 
zinc ion combine with the gelatin to form complex ions which do not 
influence the electrodes.  This has been well established in the case 
of hydrogen ions, and the present experiment shows that zinc behaves 
in an analogous  way but to a  smalleY  extent.  The dissociation of 
the complex gelatin-Zn ion is  evidently much greater than  that  of 
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The agreement between the various electrode potentials shows that 
the system obeys the Donnan  equilibrium quite closely, and that  the 
discrepancies  obtained  when  total  concentrations  are  compared  are 
due to the formation of compounds  between the gelatin and the ions. 
This  furnishes a  method  for the determination  of the  formation of 
such  complexes without  the  use of  E.~r.F. measurements.  The  com- 
bination of any ion with a protein can be easily determined even though 
TABLE  II. 
Comparison  of Activity Ratios from Electrode  Potential Measurements  with  Total 
Concentration Ratios.  40 Gin. of Gelatin.  Total Volume 1,000 Cc. 
Total ZnCl 2 Concentration 0.01 ~. 
Experiment  ........................................................... 
Total HC1 concentration .............................. 
pI-I of gelatin ......................................... 
tt electrode E.M.F., n*v ................................. 
Ag-AgC1 electrode E.U.F., my ........................... 
Zn electrode E.M.F., ~zv ................................ 
Ratio: Activity It in filtrate 
Activity H in gelatin  ........................... 
Ratio: Total cone. H in filtrate (as tIC1)  ............... 
Total conc. H in gelatin (as HCI) 
(calc. from H  ratios ........ 
Ratio: Activity C1 in filtrate t  "  "  observed E.~.F... 
Activity C1 in gelatin ~ ,,  "  analysis  ......... 
Ratio: Total conc. C1 in filtrate  ....................... 
Total conc. C1 in gelatin 
I 
c,a,  lc. from H  ratios ........ 
Ratio: Activity Zn in filtrate  "  observed E.M.F... 
Activity Zn in gelatin  ~ "  "  analysis ........ 
Ratio: Total Zn conc. in filtrate ........................ 
Total Zn conc. in gelatin 
1 
3 01( 
05 
55 
52 
~.8 
1.83 
0,01; 
0.54~ 
0.55: 
0.50l 
0.48t 
3.35 
3.18 
2.11 
1.85 
2 
i  0.02q 
3.51 
20.0 
19.0 
18.0 
2.19 
0.01 
0.45 
0.48 
0.42 
0.41 
4.8 
4.08 
3.23 
2.68 
0.04 
2.18 
14.5 
15.0 
10.0 
1.76 
0.166 
0.568 
0.555 
0.48 
0.46 
3.1 
2.2 
3.0 
2.44 
it is not possible to have an electrode for that ion.  It is only necessary 
to determine the distribution in a  system such  as the above and also 
the  activity ratio for  some ion,  such  as  hydrogen  or  chloride, which 
can  be  conveniently  measured  by  E.~.~.  /neasurements.  Since  the 
activity ratios of the other ions must be related to that of the chloride 
or hydrogen  as  expressed  by Donnan's  equation,  the  activity of  the 
ion  in  the  protein  solution  can  be  calculated  from  that  of  the  out- 
side  solution.  Lewis and  Randall's  tables of activity coefficients  at JOHN  H.  NORTHROP  AND  M.  KUNITZ  31 
various  ionic  strengths  furnish  the  data  for  determining this when 
the total concentration and ionic strength are known.  The activity 
of the ion  in  the  protein  solution divided by its activity coe~cient 
for a  solution of  the  proper  ionic  strength gives  the  total  concen- 
tration of the  ion,  ~ and  this  value  subtracted  from the  total  con- 
centration  as  determined by  analysis gives  the  amount  combined 
with the protein. 
The  results  of several  experiments  carried  out  in  this  way with 
ZnCI~ are shown in Table III.  They show that in 15 per cent gelatin 
at pH 4.7, over 50 per cent of 0.01 •  Zn is combined with the gelatin 
and about 10 per cent of the chloride.  It will be noted that in the 
first experiment the amount of Zn actually removed by the gelatin 
from the solution is  just equivalent  (1/2)  to the  chloride removed, 
since  the  outside solution must remain electrically neutral.  If the 
particles were filtered, dried, and analyzed, it would be found, therefore, 
that they contained equivalent amouffts of Zn and  C1 and hence it 
might  be  concluded  that  the  protein  combined  with  both  ions  of 
the salt.  This is, however, incorrect.  Practically none of the chloride 
is combined and the remainder is simply held by electrostatic attrac- 
tion.  This illustrates  the practical  impossibility of  obtaining  reli- 
able  results  as  to  compound  formation by  the  analysis  of  protein 
precipitates.  As  the solution is made progressively more  acid, less 
and less Zn is combined until at pH 2.0 there is practically none com- 
bined.  The amount of chloride combined on the other hand increases 
about in proportion to the concentration, so that the per cent combined 
remains constant.  The result bears  out the idea, expressed before, 
that the Zn combines with the same group as does the hydrogen. 
7  This calculation necessarily involves a relation between the electrode poten- 
tial of an ion and its concentration in the presence of other electrolytes.  This is 
at present a very uncertain step, but it is possible to make the calculation  by means 
of Lewis' ionic strength data.  This method has been used throughout the present 
paper, although it is realized that such calculations  are difficult  for simple  physical 
interpretation.  The physical significance  of the value obtained  by dividing the act- 
ivity of the Zn ion by its activity coefficient  (as given by Lewis for a solution of 
that particular ionic strength) may be best expressed as the concentration of ZnC1 
which would give the observed electrode potential in a solution of the same ionic 
strength.  Since  the amount of zinc found by analysis is in excess of this it seems 
logical to suppose that the excess of zinc is combined with the protein. 32  COMBINATION  OF  SALTS  AND  PROTEINS 
Determination  of the  Combination  of Gelatin  with  Zn  Chloride  by 
Direct E.M.~.  Measurements. 
In  order  to  confirm  the  results  obtained  by  this  method  a  series 
of experiments  was  made  to determine  the  effect of gelatin  on  the po- 
tential  of a  zinc  or  chloride  electrode  in zinc  chloride  solution. 8  The 
TABLE  III. 
Calculation  of Zn  and  Cl Combined  with Gelatin from  Cl Activity  Ratios. 
ZnCl ~ Concentration 0.01 ~. 
Total 
Experiment. 
~H of gelatin. 
Gm. of dry weight of gelatin per 100 cc. of swollen 
gelatin. 
Total concentration Zn in filtrate,  5. 
"  "  C1  "  "  M  .... 
"  "  H  "  "  ~t.. 
(ionic strength) of filtrate. 
, Zn  in filtrate... 
, Zn  ++ in filtrate. 
~atio: a  CI in filtrate (from C1P.D.)  ..  . 
a  C1 in gelatin 
Zn in gelatin (calculated). 
Fotal H + in gelatin. 
"  Zn  "  "  observed. 
"  C1  "  "  " 
in gelatin .... 
y Zn in gelatin. 
2Zn  ....  (calculated) 
~Zn-gelatln  • 
'er cent Zn as Zn-gelatin.. 
C1 in filtrate. 
C1  "  " 
C1  "  gelatin (calculated).. 
C1  "  " 
~CI- "  " 
~gelatin-Cl. 
'er cent CI as gelafin-Cl. 
1  2  3  4 
4.7  4.05  3.51  2.18 
19  14  11  9 
0.0082  0.0115  0.013  0.014 
0.0178  0.0236J  0.027  0.040 
0.0006  0.001  0.012 
0.025  0.035  0.039  0.053 
0.50  0.48  0.47  0.43 
0.0042  0.0055  0.0060  0.006£ 
0.813  0.552  0.48  0.555 
0.0028  0.0018  0.0014  0.0018 
0.036  0.055  0.075 
0.0126  0.0062  0.0048  0.0056 
0.0253  0.0483  0.065  0.086 
0.038  0.054  0.070  0.091 
0.47  0.42  0.39  0.35 
0.0059  0.0043  0.0036  0.0052 
0.0067  0.0019  0.0012  0.0004 
54  31  26  7 
0.88  0.86  0.86  0.84 
0.0156  0.020  0.023  0.0333 
0.0192  0.037  0.0466  0.060 
0.86  0.83  O. 82  0.80 
0.0224  0.044  0.057  0.075 
0.003  0.0043  0.008  0.011 
11  9  12  12.5 
zinc  and  Ag-AgC1  electrodes  were  first  standardized  against  a  series 
of  concentrations  of  zinc  chloride made  up  in  0.001  M  HC1, and  the 
8 Measurements of  Zn potentials  in ZnSO4-gelatin solutions  have  been made 
by Mutscheller (Mutschel]er, A., J.  Am.  Chem. Soc.,  1920,  xlii, 2142)  who found 
that some Zn  + but more SO,- was combined with the gelatin. JOHN  H. NORTHROP  AND  M.  KUNITZ  33 
standard  electrode  potentials  were  calculated  by  using  Lewis  and 
• Randall's  figures for  the ionic strength u, and the activity  coefficient 
%  The values for the E.•.F.  of the cell 
Zn  I ~ ZnC1,  ] saturated KC1 [ HgC1 ] I-Ig 
and for the cell 
Ag [ AgC1 [ ~ ZnC12 [saturated KCI [ HgCl ] Hg 
are shown in Table IV.  ALl measurements were made at 25  °.  The 
experiment shows that the values obtained for the standard molar Zn 
TABLE  IV. 
Zn-ZnCl ~ E.M.F. Measurements. 
Concentra- 
tion ZnCh. 
M 
0.05 
0.02 
0.01 
0.005 
0.002 
0.15 
0.06 
0.03 
0.015 
0.006 
Zn 
(0.32) 
0.41 
0.50 
0.57 
0.~ 
7m  ~ aZn 
0.0162 
0.0082 
0.0050 
0.00285 
0.00128 
pZn 
1.79 
2.086 
2.301 
2. 545 
2. 893 
E ° observed. 
1.0548 
1.063 
1.070 
1.077 
1.087 
E ° ~  g  obs. -- (0.0295 pZn) 
(1.002) 
1.0025 
1.002 
1.002 
1.0016 
Average  ...... 1.0020 
Sat. KCI--H2.0.243 
Zn, Zn++; E ~  = 0.7590 
A g-A gCl-ZnCl2 E.~t.F.  Measurements. 
Cl 
E  observed.  Concentm-  7m ~  aCl  pCl  E a ~  E  obs. -]- (0.059 pCl) 
tion CI. 
p  "r 
M 
0.041  0.050  0.83  0.0341  1.457  --0.070 
0.021  0.030  0.87  0.0183  1.737  --0.0850 
0.011  0.0155  0.90  0.0099  2.004  --0.1002 
0.005  0.0065  0.94  0.0047  2.328  --0.1190 
0.016 
0.017, 
0.017 
0.017 
Average  ....... [ 0.017 
Sat. KC1 --  H,.0.243 
Ag, AgC1, CI-; 
E o =  -- 0.226 
or Ag  electrode against the saturated  KC1 calomel electrode are  con- 
stant  and  independent  of  the  salt  concentration.  The  saturated 
calomel electrode used gave a  calculated E.M.F. of E  =  -0.243 against 34  COMBINATION  OF  SALTS  AND  PROTEINS 
the normal hydrogen electrode, so  that  the value  obtained  for  the 
standard Zn, Zn  ++ is 0.759  volt,  and for the  standard Ag, AgC1, CY 
is -  0.226,  which are within  1 my. of the values given by Lewis and 
Randall. 9  This shows that the electrode measurements are reliable, 
and  also  that  the data  for the  activity  coefficients given by  Lewis 
and Randall apply to ZnC12 solutions with considerable accuracy. 
The experiments were then repeated with the addition of increasing 
concentrations of isoelectric gelatin.  The results are given in Table V. 
The amount of Zn combined increases steadily and in  the presence 
of 15 per cent gelatin amounts to 64 per cent.  This agrees quite well 
TABLE  V. 
Effect of Increasing Concentration  of Gelatin on Zn and Chloride A ctivity of 0.01 M 
ZnCl 2. 
Concentration 
of gelatin. 
per cent 
0 
1 
2 
5 
10 
15 
E X.F. 
~ll 
1.070 
1.072 
1.073 
1.076 
1.081 
1.083 
Zinc ("/= 0.50). 
CZn 
com- 
aZn  CZn  blned 
with 
gelatin. 
0.0050  0.010  -- 
0.00426  0.0085 0.0015 
0.00398  0.0078 0.0022 
0.00311  0.0062 0.0038 
0.00211  0.0042 0.0058 
D.0018  0.00360.0064 
Per cent 
Zn 
com- 
bined. 
15 
22 
38 
58 
64 
E.M.F. 
0.084 
0.084 
0.082 
0.084 
0.0852 
0.086C 
Chloride (7'= 0.87). 
I  aCl 
0.0183 
0.0183 
0.0183 
0.0183 
0.0180 
0.0172 
Per Cell| 
CCI  CI 
CCI  corn-  com- 
bined,  bined. 
M 
0.021  --  -- 
0.021  --  -- 
0.021  --  -- 
0.021  --  -- 
0.0201  0.0003  1 
0.0198  D.0012  6 
with  the  results  obtained  from  the  distribution  experiment  (Table 
III).  The  amount  of chloride combined is below the accuracy of the 
experiment until high concentrations of gelatin are reached,  and then 
amounts  to  about  6  per  cent. 
The experiment was repeated using 10 per cent gelatin and different 
concentrations  of  ZnClv  The  results  are  shown  in  Table  VI.  As 
would be expected and as is the case with acids, the amount  combined 
increases with increasing Zn concentration but the per cent combined 
decreases. 
The  preceding experiments show  that  ZnC12  combines with gelatin 
in  the  same  way  as  hydrogen  chloride,  but  to  a  less extent.  There 
o Lewis and Randall, 5 pp. 407,420. JOHN H. NORTHROP  AND  M. KUNITZ  35 
seems no reason to suppose that  this is other than ordinary complex 
ion formation;  but, as in the case of hydrogen, experimental proof of 
the stoichiometric nature of the reaction is difficult to obtain.  It can 
be shown,  however,  that  the  reaction is  rapidly  and  completely re- 
versible, which is the result expected if the compound is an ordinary 
chemical one and is the opposite of the result obtained in cases such 
as  that  of  charcoal  where  there  is  surface  adsorption.  Table  VII 
TABLE  VI. 
Combination of Zn with Gelatin from Measurements with Zn Electrodes.  10 Per Cent 
Gelatin. 
Concentration 
ZnCh. 
M 
0.05 
0.02 
0.01 
0.005 
E.M.F. 
1.0595 
1.0718 
1.0812 
1.097 
aZn 
0.011 
0.0043 
0.0021 
0.00095 
CZn 
0.0345 
0.0105 
0.0042 
0.00167 
CZn combined 
with gelatin, 
0.0155 
0.010 
0.0058 
0.00383 
Per cent Zn 
combined. 
31 
50 
58 
76 
TABLE  VII. 
Reversibility of Zn-Getatin Combination. 
A  B 
Method of preparing  solu- 
tion ..................... 
E.M.F.,  Zn electrode ........ 
pH ...................... 
M 
50 cc. ~  ZnCI~ +  50 cc. 10 
per cent isodectric gela- 
tin, 1 hr., 25  °. 
1.0760 
4.70 
"ZnCh  +  25  cc.  20  icc.$ 
per cent gelatin, 1 hr., 25  ° 
and then diluted to 100 cc. 
1.0760 
4.70 
showsthat the activity of Zn++and of H + are the same in the presence 
of the same concentration of gelatin whether the Zn and gelatin were 
mixed  in  concentrated  solution  and  then  diluted  or  whether  they 
were  diluted  first. 
Effect  of the  Combination  with the  Salt  on  the  Properties  of the  Pro- 
rein Solution. 
If the gelatin combines more with one ion of the salt than with the 
other, as is indicated by the preceding experiments, and if the result- 
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gelatin must give rise to ionized gelatin and hence to a Donnan equilib- 
rium just as does the addition of acid, except to a much smaller extent. 
The  osmotic  pressure,  swelling,  and  viscosity  of  gelatin  should  all 
be affected.  That this is actually the case may be seen from Tables 
VIII, IX, and X.  The  effect is  small, and  in dilute  gelatin solution 
TABLE  VIII. 
Effect of ZnCI ~ on Viscosity of Gelatin Solutions. 
5 Per Cent Isoelectri6 Gelatin. 
Conc. ZnCl,, ~ ......................................  0.5  0.10  0.01  0 
pH .................................................  3.95  4.33  4.55  4.8 
Relative viscosity compared to corresponding aqueous solu- 
tion of ZnC12 after 24 hrs. 37 °. ........................  6.31  7.86  7.84  7.15 
TABLE  IX. 
Effect of ZnCI ~ on Swelling of Particles of Isoelectric Gelatin. 
8 Gin. of Dry Isoelectric Gelatin Added to 100 Cc. of ZnCl ~  and Kept at 2~C.for 18 
Hours.  Total Volume 105 Cc. 
Conc ZnCl   .......................................  i  0515:'015:01  0 
Volume of filtrate (average of 3 experiments)  ............  49  53  55  59 
"  "  gelatin ....................................  57  47 
TABLE  X. 
Effect of ZnCI ~ on Osmotic  Pressure of Gelatin.  25 Co. of 10 Per Cent Isoelectric 
Gelatin in Collodion  Sac Suspended in 60 Cc.  of Various  Concentrations 
of ZnCl~ pH 4.7 at 37 °.  Readings ~ ¢ter 24 Hours. 
Cone. ZnC12, M  ..........................  0  0.02  0.20  0.50 
Osmotic pressure in ram. Hg (average of 6 
experiments)  ..........................  37.7±1.( 56±1.8  ;3.04-0.8 i8.2±0.6 
Chloride ratio (from E x( ~  ______a  C1 inside  1.20 
•  •  ")".ao~de  .... 
a  Zn  ++ ratio, calculated from C1 ratio ......  O. 70 
a  Zn  ++  "  "  "  total Zn con- 
centration ...........................  1.20 
would be negligible compared to the effect of acid.  The fact that the 
Zn  is  more  concentrated  inside  the  membrane  than  outside  shows, 
however, that  the result is not due  to  the H +,  since if the Zn were 
merely inert  the  concentration  of  Zn  outside  would  necessarily  be 
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The osmotic pressure experiment is the most direct, since both the 
swelling and viscosity are influenced by other factors than  the ion 
concentration.  The swelling depends also on the "cohesion" of the 
gelatin particles; if the force which tends to hold the particles to the 
original size should decrease this swelling will evidently increase al- 
though the osmotic pressure  may be no  greater.  This presumably 
accounts for the fact that the swelling maximum does not agree with 
the maximum of osmotic pressure. 
The viscosity is a  function of time and the selection of the proper 
value is  difficult.  The  figures given were obtained  after  24  hours 
at  34  °  and  were  constant  for  about  10  hours.  Before  this  time, 
the  control and  most  concentrated solutions  decreased in  viscosity 
while the intermediate concentrations increased. 
It will be noted in Table VIII that the pH of the solutions becomes 
lower  as  Zn is  added,  although  both  solutions  were  originally pH 
4.7.  Diluting either the gelatin or ZnC1, with water does not cause 
a change in pH.  The effect is therefore due to a reaction between the 
ZnC12 and gelatin.  If, as was suggested, the Zn replaces the H  from 
combination this increase in acidity is due to the liberated H+ just 
as adding acid was found to increase the Zn  ++ concentration. 
SUMMARY. 
1.  It has been found that the ratios of the total concentrations of 
Ca, Mg, K, Zn, inside and outside of gelatin particles do not agree with 
the ratios calculated according to Donnan's theory from the hydrogen 
ion activity ratios. 
2.  E.M.F. measurements of Zn and C1 electrode potentials in such a 
system show, however, that the ion activity ratios are correct, so that 
the discrepancy must be due to a  decrease in the ion concentration 
by the formation of complex ions with the protein. 
3.  This  has  been  confirmed in  the  case  of Zn  by  Zn  potential 
measurements in  ZnCI~  solutions  containing  gelatin.  It  has  been 
found  that  in  10  per  cent gelatin containing 0.01  M ZnC12 about 60 
per cent of the Zn  ++ is combined with the gelatin. 
4.  If the activity ratios are correctly expressed by Donnan's equa- 
tion, then the amount of any ion combined with a protein can be de- 
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in a proper system.  If the activity ratio of the hydrogen ion and the 
activity of the other ion in the aqueous solution are known, then the 
activity and hence the concentration of the ion in the protein solu- 
tion  can be  calculated.  The  difference between this  and  the total 
molar concentration of the ion in the protein represents the amount 
combined with the protein. 
5.  It has been shown that in  the  case  of Zn  the values obtained 
in this way agree quite closely with those determined by direct E.~t.F. 
measurements. 
6.  The  combination with Zn is  rapidly and completely reversible 
and hence is probably not a  surface effect. 
7.  Since  the  protein  combines  more  with  Zn  than  with C1, the 
addition of ZnC12 to isoelectric gelatin should give rise to an unequal 
ion distribution  and hence to an  increase in  swelling, osmotic  pres- 
sure, and viscosity.  This has been found to be the case. 